A facile method for a mild single pot reductive cleavage of 1,2-oxazines to γ-hydroxy ketones was developed using zinc and aqueous ammonium chloride as the reagent in methanol. The reaction involves the reduction of N-O bond of the oxazine and the hydrolysis of the resulting 1,4-iminoalcohol.
Introduction
[4+2] Cycloaddition of α-nitrosoolefins with olefinic compounds are of synthetic interest since the product 5,6-dihydro-4H-1,2-oxazines are versatile intermediates for the synthesis of bifunctional compounds [1] [2] [3] as well as for the synthesis of naturally active compounds viz. alkaloids, amino sugars and unnatural amino acids [4] [5] [6] [7] [8] [9] [10] . The synthetic strategy generally employed here is the reductive cleavage of the oximino bond of the oxazines leading to the formation of various functional moieties like fused pyrrolidines 11 , pyridines 12 , nitrones 13 , 1,4-aminoalcohols 13 and γ-lactones 14 . The usual method for the reductive cleavage of oxazine involves the use of reducing agents like H 2 -Raney nickel 15 , H 2 -Pd/C 16 , LiAlH 4 17-19 , DIBAL-H 20 and Mo(Co) 6 3 . Literature reveals the relevance of transfer hydrogenation among different substrates 21 and the use of zinc and ammonium chloride as transfer hydrogenation catalyst for the reduction of various compounds 22 . Here we report the conversion of 1,2-oxazines to γ-hydroxy ketones using zinc and ammonium chloride by cleavage of 1,2-oxazines followed by subsequent hydrolysis.
[4+2] Cycloaddition of α-nitrosoolefins derived from acetophenone derivatives with various alkenes afforded the starting 5,6-dihydro-4H-1,2-oxazines. This procedure is based on Rai's method 23 . Typically, the reductions of the oxazines are carried out by heating a mixture of oxazines, zinc powder and ammonium chloride in methanol/water at 70 o C. In general γ-hydroxy ketones are thus obtained in good yield. 
Experimental
All chemicals used were lab grade chemicals without further purification. All reactions were monitored by TLC, which was performed on Merck Alumafoil 60A° TLC plates with an UV indicator. 1 H and 13 C NMR spectra were recorded using a 400 MHz Bruker Avance Ultrashield NMR spectrometer (400.23 and 100.64 MHz, respectively) and referenced to CDCl 3. Melting points are determined using a Campbell Electronics melting point apparatus. IR spectra were recorded using a JASCO FTIR-680 spectrophotometer. The elemental analysis of the compounds were carried out using Perkin Elmer 2400 series elemental analyzer and also by Orion ISE meter. General method for the reductive cleavage of oxazine
4-Hydroxy-4-phenyl-1-p-tolyl-butan-1-one (2b)
In a typical procedure, to a stirred solution of 6-phenyl-3-p-tolyl-5,6-dihydro-4H- [1, 2] oxazine (1b), (0.9 g, 0.0036 moles) in methanol (25 mL) was added ammonium chloride (1.91 g, 0.036 moles) in water (7 mL). Zinc powder (0.70 g, 0.0108 moles) was then added to the reaction mixture and the solution heated to 70 o C for 3 h. The reaction monitored by TLC after 3 h showed the absence of starting material. The solution was filtered to remove zinc/zinc oxide mixture. The filtrate was then extracted into ethyl acetate followed by washings with water. The organic layer was evaporated to get crude compound. The crude compound was purified by column chromagraphy using hexane/ethylacetate (4:1) to get 0.64 g of faint yellow oil. 
6-Phenyl-3-(p-tolyl)-5,6-dihydro-4H-[1,2]oxazine (1b)
Yield
3-(4-Fluorophenyl)-6-phenyl-5,6-dihydro-4H-[1,2]oxazine (1c)
3-(4-Fluorophenyl)-6-methyl-5,6-dihydro-4H-[1,2]oxazine (1e)
1-(4-Fluorophenyl)-4-hydroxy-4-phenyl-butan-1-one (2c)
6-(4-Fluorophenyl)-3-hydroxy-6-oxo-hexanenitrile (2d)
1-(3,4-Dichlorophenyl)-4-hydroxy-4-phenyl-butan-1-one (2f)
1-(3,4-Dimethoxyphenyl)-4-hydroxy-4-phenyl-butan-1-one (2g)
4-Amino-4-(3,4-dimethoxy-phenyl)-1-phenyl-butan-1-ol (3g)
Results and Discussion
The oxazines with various functional groups were prepared by the [4 +2 ] cycloaddition reaction of α-nitrosoolefins with alkenes, a method followed by Rai et al
23
.
For instance, the 6-chloromethyl-3-(4-fluorophenyl)-5,6-dihydro-4H-[1,2]-oxazine was prepared from 4-fluoroacetophenone oxime and using allyl chloride as the alkene which was then converted to 3-(4-fluorophenyl)-6-iodomethyl-5,6-dihydro-4H-[1,2]-oxazine using KI/acetone as nucleophilic reagent. The 6-iodomethyl derivative was then reduced to 3- The oxazines were reduced using zinc and ammonium chloride in methanol and water to corresponding γ-hydroxy ketones (Scheme 1). The reductive cleavage was accomplished using three moles of zinc and ten moles of ammonium chloride in methanol/water. The reaction stalled with lesser amounts of zinc and ammonium chloride. The reaction easily happened with 6-phenyl derivatives. With 6-methyl and 6-cyano methyl derivatives the reaction was sluggish. In these cases the reaction proceeded to completion at elevated temperatures.
Different reagents were tried for the conversion. Use of hydrogen/boric acid has been reported 24 . Our trials using hydrogen gas and boric acid lead to cleavage of N-O bonds but also resulted in the removal of some functional groups (eg: aromatic chloro group). Also there are some reports of the use of zinc/acetic acid/water 25, 26 . for the cleavage but trials using the same for our substrates also resulted in the reduction of aromatic chloro groups in the system. Our screening of milder reagent for the preparation of γ-hydroxy ketones from 1, 2-oxazines led to the choice of the zinc and ammonium chloride which can accomplish the hydrogenolysis in a single pot.
The reactions were initiated at lower temperatures (50 o C and 60 o C) but took longer time for completion. This also resulted in more tar formation. The temperature of 70 o C was the optimum temperature for the conversion. All the compounds were purified by column chromatography using hexane/ ethyl acetate as eluent and characterized by 1 H and 13 C-NMR. The yields of γ-hydroxy ketones (after column purification) were in the range of 63-76%. The yield of compounds 2a and 2e are 72% and 75% respectively. The hydroxyl group in the γ-hydroxy ketones were characterized by 1 H-NMR (by deuterium exchange using D 2 O) and using IR-spectra. The reductive cleavage using zinc and ammonium chloride reported here supersedes the other methods of reduction of 1, 2-oxazines in that it can be carried out without hydrogen gas, metals like Pd and Raney nickel and avoids expensive regents like LiAlH 4 , DIBAL-H. The other major advantage is that this reagent being milder, reduction can tolerate different functional groups like chloro, cyano and methoxy. The keto group in the product remained unaffected after the reaction.
The initial step of the reaction is the cleavage of the oximino bond of the oxazine to the 1,4-iminoalcohol. The hydrolysis of the imino-alcohol results in γ-hydroxy ketones. When the reaction was performed with electron donating groups on the phenyl ring at the 3-position of the oxazine some traces of 1,4-aminoalcohols were also formed. These were formed from the subsequent reduction of 1,4-iminoalcohols.This is illustrated by the hydro genolysis of 3-(3,4-dimethoxyphenyl)-6-phenyl-5,6-dihydro-4H- [1, 2] oxazine (1g) leading to the formation of minor amounts of 4-amino-4-(3,4-dimethoxy-phenyl)-1-phenyl-butan-1-ol (3g). 1,4-aminoalcohol (3g) formed were removed by column chromatography. 1,4-Aminoalcohols were not formed for other substrates probably due to the ease of hydrolysis of the intermediate 1,4-iminoalcohol with these substrates compared to the competitive hydrogenation reaction.
Conclusion
In conclusion, using zinc and ammonium chloride in methanol/water, an economical and convenient method of cleavage of oxazines to γ-hydroxy ketones is established. The mild one pot procedure tolerates various functional groups.
